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»Bn ABSTRACT

A plasma jet ignition plug wherein a ﬁlm of semicon-
ductor or a'semiconductor oxide defines together with

~a first rod-shaped electrede and a second electrode a

plasma cawty

5 Claims, 5 Drawing Figures
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PLASMA JET IGNITION PLUG

BACKGROUND OF THE INVENTION
5

The present 1nvent10n relates to a plasma jet ignition

In order to extend the lean mlsﬁre l1rn1t of the con-

. f-venttonal spark ignition -internal combustion: engines,

-~ thereisa continuing interest in new ignition sources and
- their effects on englne performance and emissions. Vari-
L __f.cus kinds of new ignition systems have been proposed.
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system 200. That is, all of the energy stored on the

~ capacitor 26, having been charged by the power source

. '_ - ,plug, and more particularly to a plasma jet ignition plug
R fora plasma jet 1gn1tlcn system for an automctwe mter-. -
* . 'nal combustion engine. - I -

28 via the resistor 27, is discharged via the steering
diode 29 and coil 25, thus sustaining the discharge of
spark within the plasma cavity 4.

- The discharge of a spark by the plasma Jet ignition

jplug generates an electromagnetic wave noise that dis-
turbs radio broadcasting service, television broadcast-

~ing service and other kinds of radio communication

10

~systems. The noise also causes operational errors in

- electronic control circuits, for example electronic con-

- A plasma jet ignition plug 10, as shown in FIG. 1, has |

L ’-,‘been proposed which comprises a-first or ‘rod-shaped
. " .electrode 1, a second electrode 2, and. an. insulating
" body3ofa ceramlc, for example, which together with
.. the first-and second electrodes defines a substantially
L _-enclosed plasma cavity 4. The second electrode closes
-+ . “one end of the plasma cavity and is formed with an
© o corifice § therethrough ‘The first rod-shaped electrode 1
.+ . extends part-way towards the second electrode 2 .
. .. whereby to define a plasma cav1ty gap between sald_ -
T ."ﬁrst and second electrodes. |
./ Different from the usual spark plug that dlrectly heats- _
B -..-.-_-,;.the air fuel mixture up to its ignition temperature, the
7. plasma jet ignition plug 10 generates a spark across the
Ly -'_iplasma cavity gap, thus generating a high temperature,
.- high energy plasma gas within the plasma cavity 4. This
-~ gaseous plasma confined in the plasma cavity 4 is par-
. tially ejected though the orifice 5 owing to an increase
.. in pressure of the confined plasma within the plasma
.. ..cavity 4. The ejected gaseous flow of plasma with high
... temperature and high energy, forms many small spot-
-~ like flames w1thm the combustion chamber of the en-
gine, thus assuring safe ignition of the air fuel mixture. -
- Connected to the first electrode 1 of the plasma jet
- ignition: plug 10 is a power source 20 which includes a -
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trolled fuel injection systems and electronic controlled

skid control systems. As a result trafﬁc safety will be
threatened. s |

In order to suppress. the noise, there has been pro-

| posed to use a resistance plasma Jet ignition plug which
_--_-has an electrode containing a resistance of the order

- ranging from several KQ to 10 KQ. This proposal is

20

30

35

.' nectlon Wlth the accompanymg drawmgs

45
" including a spark energy storage system . and a plasma
- .arm 22, an ignition.coil 23 having a primary winding ;_f,,';-'_..'.:.'f-‘-ﬂel'gy storage system;
. 23a connected to the breaker 22a and a secondary wmd-f}--*- .
;r"_:f,tng 23b, and a battery 24, R o
C. 0 /. The plasma jet energy. storage system 20b mcludes af_--'
R :'."'.j.-f'-;"ccrnll 25, a storage capacitor 26-connected in series-with
R ';'-,:},.',."_the coil 25, a chargmg resistor 27, and a pOWer source -
0 28, A steering diode 29'is arranged to prevent the spark_"-?-'
S f-._energy from flowing into the storage capacitor 26.
.. 7" In operation, the contact 22a is moved to-an Open-x-'
e 5 pos1tlon by the contact arm 22 actwated by the cam 21 .
.+ which rotates in tlmed relatlonshtp ‘with. the" engme'._!_:___- S
4 % rotation, a prlmary current passing thrcugh the primary - - .
e ,_-'.'].f:._';-f,f;;fvj;.wmdmg 23a is mterrnpted thus mducmg a high voltage =~
... : -onthe secondary winding 235, causing the discharge of 60 °
" aspark to take place within the plasma cavity 4 between
. ... the first electrode 1 and the second electrode 2. This

spark dlscharge causes a breakdown of insulation of the -

. . plasma cavity 4 so that a discharge of spark within the’“_:,_’i'
el ‘discharge cavity 4 becomes possible even ‘with a rela-
. tively low voltage. Thus the. discharge of spark will,
- 7. continue within the dlscharge cavity owing to the sup- =
e ’;f'-}_ply of dlI‘E:Ct cnrrent from the plasma energy storagef

65

~which comprises a first electrode, a
‘an insulating body which ‘has surfaces that define to-
gether with the first and second electrodes a
| tlally enclosed plasma cavity; the second electrode clos-
‘ing one end of the plasma cavity and being formed with
- an orifice therethrough, the first electrode extending
part-way towards the second electrode whereby to

_ defective in that an increase in resistivity causes a reduc-

’ tion in plasma jet energy to an unacceptable low level,
| deterloratmg the 1gn1tton capabthty

SUMMARY OF THE INVENTION

. 25’ ~ An ob_]ect of the present mventton is to provide a
plasma Jet ignition plug with an arrangement for reduc-
-1ng a noise due to spark dlscharge

‘The invention concerns a plasma Jet ignition plug
second electrode,

substan-

define a plasma cavity gap between the first and second

- electrodes, wherein the msulatmg body formed on said:
* surfaces with a film made of one ofa semtconductor and

~ spark energy storage system 20a and a plasma Jet energy.'f : _a semiconductor oxide.

. 'f'.{storage system 206, . . | |
. The spark energy storage system 20a 18 substantlally-;.'_
~ similar'in construction to a conventional ignition system

" . .and provides the basic spark timing and high voltage, ,f[
N 'j.'f?ﬁ_-i_.'-_trtgger srgnal to. the. plasma jet: 1gmtron plug 10. It in- -~
- cludes a cam 21 whlch is rotatable in timed relationship
. with the engine rotation, a- breaker 22a wrth a breaker

The rnventton w1ll be herelnafter descrlbed in con-

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1is a side view, partly in sectlon, of a prior art'
plasma jet ignition plug associated with a power source

FIG: 2 is a partial v1ew of F[[G 1 showmg a first '

o Ii_‘-:_j--:.embodlment of a plasma Jet 1gn1tlon plug accordmg to

the present. invention; o B
FIG. 3 is a similar. v1ew to FIG 2 showmg a second

_'.embodtment of a plasma:jet ignition plug; |

“FIG. 4is a graph of dlscharge current VErsus fre-"."j R

Ifﬁjquency,and '.'" o
B SHS frequency

FIG.5isa graph of ncnse electrlc field mtenslty ver-

DETAILED DESCRIPTION OF THE
Lo INVENTION

Referrmg to FIG 2, like reference numerals as used

o m FI1G. 1 are used to designate like parts, wherein the
“reference numeral 1 designates a first or rod-shaped
electrode 1; numeral 2 designates a second electrode;

number 3 refers to an insulating body which together
‘with the first and second electrodes 1, 2 defines a sub-
-,stantta]ly enclosed plasma cavity 4. The second elec-
trode 2 closes one end of the plasma cavity 4 and is
__'formed with an ortﬁce 5 therethrough The first or



4,337,408

3

rod-shaped electrode 1 extends part-way toward the
second electrode 2 whereby to define a plasma cavity
gap between the first and second electrodes 1, 2.

The isulating body 3 has surfaces formed thereon

‘with a film 6 made of a semiconductor or semiconduc-
tor oxide. The film 6 formed on the insulating body 3
defines together with the first and second electrodes 1,

2 the plasma cavity 4. In this embodiment, the film is a
silicon. This silicon film 6 is formed by ion plating or
sputtering or plasma spraying and has a thickness of at
least 2 um to 3 pm. This film may be formed of a silicon
compound, such as SiO; or SiC. It may take the con-
struction as shown in FIG. 3 wherein the surface of the
film 6 is in flush with the end of the first or rod-shaped
electrode 1

The construction thus far described makes it possible
that silicon combines with oxygen to make SiQ» as a
‘result of spark discharge, allowing an accumulation of
ions on the silicon film 6 to strengthen an electric field
across the electrodes 1, 2. An increase in the strength of
the electric field causes a promotion of electron emis-
sion and ionization between the electrodes 1, 2. Speak-
ing to plasma discharge, the discharge takes place in the
form of creeping discharge along the surface of the
silicon film 6 so that an increase in the electron emission
and 1omization results in promotion in creeping dis-
charge, thus making it possible to reduce spark dis-
charge current and spark discharge voltage.

It 1s thought that usually noise electric field is propor-
tional to noise current. Since the noise current can be
reduced in response to a reduction in spark discharge
current, thus it is possible to reduce noise field by reduc-
ing discharge current and discharge voltage.

An experiment, conducted by the inventor, for com-
parison of the plasma jet ignition plug constructed as
described 1n the preceding and the prior art plasma jet
ignition plug, revealed that there occured an apprecia-
ble drop in discharge current (noise current) and dis-
charge voltage as shown in FIGS. 4(A) and 4(B). In
these Figures, the dotted line shows the characteristics
of the conventional ignition plug, while the solid line
the ignition plug according to the invention.

FIG. 5 is a graph illustrative of how effectively noise
ficld density has been reduced, wherein actual measured
values obtained from an experiment with four cylinder
internal combustion engine with displacement volume
of 1,800 cc are plotted as 1 wV =0 dB. In this Figure,
the dotted line shows the conventional and the solid line
the invention. As will be understood from this with the
use of the spark plug of the invention noise suppressing
effect of more than 20 dB has been obtained.

It will now be understood that the construction of a
plasma jet ignition plug of the invention wherein the
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inner wall defining a plasma cavity gap formed between
a first or rod-shaped electrode and a second electrode is
covered with a semiconductor film or semiconductor
oxide film, provides a reduction in discharge current

and discharge voltage, thus effectively preventing the
operational errors of the other electric circuits installed

on an automobile by reducing noise current. Besides,
1gnition capability enhances due to a reduction in dis-
charge voltage, thus greatly reducing the probability of
misfire and thus preventing the electrodes from becom-
ing dirty due to misfire. The reduction in discharge
voltage causes a reduction in the total energy required
for plasma jet ignition, thus making it possible to minia-
turize the power source and to enhance the safety
against an electric shock.

What is claimed is:

1. A plasma jet ignition plug comprising:

a first electrode;

an insulating body surrounding and supporting said
first electrode and forming a plasma cavity sur-
rounding one end of said first electrode;

a second electrode positioned in engagement with a
portion of said insulating body and having a por-
tion closing said plasma cavity, said portion having
an orifice therethrough and opening into said
plasma cavity; and

a film on said insulating body defining said plasma
cavity, said film being made of a semiconductor
including a silicon compound.

2. A plasma jet ignition plug as claimed in claim 1,

wherein said silicon compound is one of SiO; and SiC.

3. A plasma jet ignition plug as claimed in claim 1 or
2, wherein said one end of said first electrode projects
into said plasma cavity.

4. A plasma jet ignition plug as claimed in claim 1 or
2, wherein said one end of said first electrode is substan-
tially flush with the adjacent surface of said film.

d. A plasma jet ignition plug comprising;:

a first electrode;

an insulating body surrounding and supporting said
first electrode and forming a plasma cavity sur-
rounding one end of said first electrode;

a second electrode positioned in engagement with a
portion of said insuldating body and having a por-
tion closing said plasma cavity, said portion having
an orifice formed therethrough and opening to said
plasma cavity; -

a film on said insulating body definlng said plasma
cavity, said film being made of a semiconductor
including a silicon compound and in electrical

contact with both said first and second electrodes.
* * % - *
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